The combined local structure techniques, extended x-ray absorption fine structure (EXAFS) and neutron pair distribution function analysis, have been used for temperatures 4 ≤ T ≤ 330 K to rule out a large Jahn-Teller (JT) distortion of the Co-O bond in La1−xSrxCoO3 for a significant fraction of Co sites (x ≤ 0.35), indicating few, if any, JT-active, singly occupied eg Co sites exist.
The cobaltite system La 1−x Sr x CoO 3 (LSCO) has a rich temperature-concentration phase diagram as a result of multiple relevant energy scales. In the parent compound, LaCoO 3 (LCO), a significant thermal population of an excited spin state occurs above T = 100 K [1] . Models generally include a low spin state (LS, S = 0) at low T , with electronic configuration t 2g 6 e g 0 , along with either an intermediate spin (IS, S = 1), t 2g 5 e g 1 , or a high spin state (HS, S = 2), t 2g 4 e g 2 , that becomes populated as T increases. Since the theoretical work of Potze et al. [2] , and Korotin et al. [3] , which developed ideas by Goodenough [4] and Zaanen et al. [5] , the IS state has often been invoked for interpreting experimental results at intermediate T in LCO and LSCO. More recently, the theoretical support for the IS has been questioned [6] . An excellent review is given by Medarde, et al. [7] . The IS state is expected to be Jahn-Teller (JT) active, with local distortions of the O octahedra surrounding the Co ions, breaking the 6-fold symmetry and creating Co-O bonds with different lengths. The related La 1−y Ca y MnO 3 (LCMO) manganite system exhibits a large JT distortion of the Mn-O bonds as reported in several recent extended xray absorption fine structure (EXAFS) and neutron pair distribution function (PDF) studies [8, 9, 10] . A similar distortion has been found in La 1−x Sr x MnO 3 (LSMO) by Louca et al., [11] (PDF), while Mannella et al., [12] (EXAFS) report a smaller distortion for LSMO.
If the proposed IS state is present in LCO, then it should exhibit the associated JT distortion with a split Co-O bond peak for T > 100 K but not for T << 100 K. The larger Sr ion decreases the crystal field splitting, which would be expected to enhance the IS state [13] . Previous magnetic susceptibility work [14] shows that in LSCO the excited spin state persists to low T . Hence, at low T we should see no split peak for LCO, followed by increasing evidence for a splitting with increasing doping. More importantly, a splitting should exist at T = 300 K for all concentrations if the IS state is the operative one.
Previous neutron PDF studies of LSCO [15] indicated a local distortion comparable to LSMO with four short and two long Co-O bonds. However, while some recent experimental results [15, 16] are argued to be consistent with a large JT distortion and its associated IS, with the recent work of Klie et al. [17] claiming to exclude a transition to the HS state, others [7, 18, 19] are argued to be inconsistent with an LS-IS interpretation, but these are not local structure measurements. Here, we report neutron PDF and EXAFS results which show that the non-thermal local distortions in LSCO materials are, in fact, much smaller than those in LCMO.
Powder samples of La 1−x Sr x CoO 3 (x = 0, 0.15, 0.20, 0.25, 0.30, and 0.35) were synthesized by Mitchell and Zheng at ANL (MZ) and by Sundaram at UCSC (NS) using a standard solid state reaction [14] . Stoichiometric amounts of La 2 O 3 , SrCO 3 and Co 3 O 4 were ground thoroughly and fired several times at temperatures ranging from 875
• C to 1100
• C for several days, with a final heating at 1200
• C for one day in air. X-ray diffraction measurements confirmed the formation of pure phase material and iodometric titrations or thermogravimetric analysis confirmed correct oxygen stoichiometry. Magnetization measurements at the Lawrence Berkeley National Laboratory are consistent with previous results [20] .
Temperature dependent EXAFS transmission Co K edge data for the LSCO samples were collected at the Stanford Synchrotron Radiation Laboratory (SSRL). Fine powders were brushed onto tape; several tape layers were used to make the step height (the x-ray absorption increase at the Co K edge) 0.3 ∼ 0.5. The double Si (111) monochromator was detuned 50% to reduce harmonics. The energy resolution was ∼1 eV.
A standard data reduction was used to extract the EX-AFS k-space oscillations, which were Fourier transformed into r-space (RSXAP package [21] ). Next, the data were fit to theoretical EXAFS functions generated by FEFF 8.20 (Rehr and co-workers [22] ), using the program rsfit (RSXAP package). Our primary interest here is σ, the width of the Co-O PDF, which parametrizes the amount of distortion present around the Co ions. Note that uncorrelated contributions to σ 2 add in quadrature; i.e. σ is usually a good approximation for all phonon modes [23] including acoustic and optical phonons [24, 25] ; see Ref. [9] for details about our use of this model.
In Fig. 1 we plot σ 2 (T ) and the correlated Debye fits for MZ and NS La 0.8 Sr 0.2 CoO 3 samples. The relative errors ( Figs. 1 and 21 ) are comparable to the scatter in the data; systematic errors, which should be the same at all T for a given sample and nearly the same for all samples, are also present. Such errors, which shift the entire plot up or down on the vertical axis, are estimated to be less than 5 × 10 −4Å2 . We also plot, for comparison, corresponding results for a 22% Ca-doped LCMO sample [9] which has a metal-insulator (MI) transition around 190 K associated with a local JT distortion of the Mn-O octahedra. Between 100 and 200 K, the JT splitting results in a configuration with two longer Mn-O bonds and four relatively shorter bonds for some sites (at low T , the Mn-O octahedron has six bonds of nearly equal length). The proposed JT distortion of the Co-O bonds in LSCO [15] is of comparable magnitude to that observed in LCMO. However, the lack of any significant step for LSCO in Fig.  1 and the rather small static distortion at 4K (≤ 0.0006 A 2 ) indicates very little JT distortion of the Co-O PDF peak between 4 and 300 K for the 20% Sr doped LSCO samples. One cannot, of course, rule out the possibility of a few percent of sites having a JT distortion. Fig. 2 shows σ 2 (T ) (Co-O peak) for two samples. The plots indicate that LCO has a slightly less distorted environment around the Co atoms; however, the difference in σ 2 at 4 K between this sample and the others is comparable to the systematic uncertainty, so it is not a definitive result. For the 30% Sr sample [ Fig. 2(b) LSCO data in Fig. 1 show the consistency of the data collection and analysis. The correlated Debye temperature (θ cD ) for all samples is approximately 760 K and is a measure of the Co-O bond strength. For this relatively high value of θ cD and the limited T range (T/θ cD < 0.4), θ cD is strongly dependent on small fluctuations of the σ 2 (T ) data points, particularly at higher T ; thus this relatively large observed scatter in θ cD (see Figs. 1,2 ) is expected and the overall uncertainty is likely 30-40 K. For comparison θ cD for the Mn-O peak in LCMO is ∼ 830 K [9] . The static contribution, σ 2 static , obtained from these Debye fits, range from 0.3 -7.8×10
−4Å2 for all our samples (0 ≤ x ≤ 0.3).
The zero-point-motion contribution to σ 2 for this value of θ cD is 2.6×10 −3Å2 . Hence, this static contribution is very small for all samples and consistent with σ 2 static = 0 within our systematic uncertainty, 5 × 10 −4Å2 . There are three published EXAFS papers on the Sr doped cobaltites; however, they only report room temperature data [26, 27] . When fitting the first shell Co-O peak to a single Gaussian, they all obtain similar σ 2 (300 K) results to those we report above. However, a diffraction study has suggested that a 3-peak splitting of the Co-O bonds develops above ∼ 70 K (space group change from R3c to I2/a, ∆r ∼ 0.05-0.06Å, although the change in the fit parameter for the two fits is very small) [28] . Two of the EXAFS groups therefore tried a split-peak fit and suggest a splitting of approximately 0.06Å [27] , much smaller than the 0.15Å splitting reported by Louca et al., [11] . However, 0.06Å is well below the Fourier limit for resolving a split peak in EXAFS when the maximum k is ∼ 13-14Å −1 ; a split peak cannot be resolved if ∆r < π 2kmax [24, 29] . For comparison with these other reports, we have also included the effect of a splitting of the Co-O peak into 3-peaks between 60 and 100 K. In that case for peaks at r, r±∆r, there is an additional static contribution -σ 2 static = 2/3(∆r)
2 [24] . Using ∆r = 0.05Å and the zeropoint-motion contribution above, the value of σ 2 would increase to 4.2×10 −3Å2 , as shown by a solid point at 100K in Fig. 2(a) ; a simulation made using three such peaks, and fit using a single peak as for the data, yielded the same result. We would easily see a step change of this magnitude -it is inconsistent with the EXAFS data. An upper limit to a 3-peak splitting, using a possible step change in σ 2 that is three times the scatter in the data, is ∆r ≤ 0.025Å. Also if we assume a 3-peak JT splitting occurs at all T, an upper limit for such a splitting from the static contribution to σ 2 is ∆r ≤ 0.03Å; assuming a 2-peak splitting model instead, the maximum ∆r would be ≈ 0.05Å. Hence, any JT distortion at low T must be small, or the fraction of JT split sites less than 5-10%.
The neutron PDF technique is another local structure probe well suited for investigating JT splittings of the Co-O bonds [30] , as long as the splitting is larger than the resolution and involves a significant number of Co sites. As discussed above, if the proposed IS state exists, then the LCO should exhibit a JT distortion with a split Co-O bond peak for T > 100 K but not for T << 100 K, while the doped compounds should show a splitting at all T . We collected neutron diffraction data for the NS samples using the high-resolution neutron powder diffractometer NPDF [31] at the Lujan Neutron Scattering Center, LANL. Data at T = 12, 100, and 300 K for each sample were corrected for detector dead time and efficiency, background, absorption, multiple scattering, and inelastic effects. The data were then normalized by the incident flux and the total sample scattering cross section to yield the total scattering structure function S(Q), from which the PDF, G(r), and the pair density function, ρ(r), were obtained by a Fourier transform [30] . Data were collected with reciprocal lattice vectors as large as Q = 45Å −1 , giving a high real-space resolution ≤ 0.1Å. The program PDFGETN [32] was used for data processing. Figure 3 shows no evidence for a split peak in the PDF data from any sample at T = 300 K, nor is one observed at lower T . The small peak that seems to appear near 2.15 ∼ 2.2Å is much smaller than the peak observed in earlier PDF measurements [11] at 2.1Å, and it shifts in r with changing values of Q max , the maximum cutoff in Q, as exemplified by three different Q max in Fig. 4 for the same set of data. The strong Q max dependence demonstrates that the small peak does not represent a splitting from the main peak and hence, a JT distortion, but is primarily an effect of termination ripples [30] introduced in the Fourier transform by changes in Q max . Peaks representing real structure are not sensitive to Q max . It is clear that the position of the large Co-O peak at 1.92Å does not significantly change position.
Recent neutron PDF studies [33] of La 1−y Ba y CoO 3
and La 1−y Ca y CoO 3 indicated asymmetric Co-O peaks, particularly in the former compound, giving evidence for the IS state in these compounds. We observed no evidence of asymmetry in our LSCO data. Rietveld refinements using the I2/a space group reported by Maris et al. [28] did not yield better fits of our data than the R3c space group used by most other groups. Moreover, the three Co-O bond lengths found are well within 0.001Å of each other. Using the Maris et al. results with a split first Co-O peak, we calculated the corresponding PDF; the results are not consistent with our data. We conclude that our data are fit better by the R3c space group, as will be reported elsewhere.
Our neutron data show no evidence for a JT distortion in LCO or LSCO, in complete agreement with the EXAFS results described earlier. Together, our EXAFS and neutron PDF data indicate that, if the localized spin model with the LS → IS scenario is operative, either the e g state does not couple to the lattice as much as previously expected, resulting in undetectably small distortions, or it involves very few Co sites. This result should be considered in the interpretation of the low energy excitations observed in LSCO and LCO [34] . Recent experiments have been interpreted as being more compatible with a LS → HS scenario, perhaps with inhomogeneous mixed-spin states and strong Co-O orbital hybridization [7, 18, 35] . Our combined local structure results remove an apparent contradiction between such measurements and earlier local structure results [15] . An important consideration is the hole hopping rate in conducting samples -if the hole hops faster than phonon time scales, the O atoms have no time to respond and no (or little) distortion will be observed: for example, very little distortion is observed for the CMR manganites at low T while a small JT distortion is observed in LSMO at high T where the polarons are hopping rapidly [12] . Using the localized spin models may be incomplete if the conducting charges have a wavefunction spread over several sites [36] .
More extensive studies of La 1−x Sr x CoO 3 will be reported elsewhere, including results for bulk powders, such as those used here, and 20-40 nm nanoparticle powders.
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